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FUZZY LOGIC CONTROLLER 
OPTIMIZATION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the benefit of U.S. provisional 
application Ser. No. 60/156,884, filed Sep. 30, 1999, entitled 
“Fuzzy Logic Controller Optimization', the specification of 
which is expressly incorporated herein by reference in its 
entirety. 

This invention was made with Government support under 
NREL Subcontract No. ZCB-4-13032-02, Prime Contract 
No. DE-AC36-83CH10093 awarded by the Department of 
Energy. The Government has certain rights in the invention. 

TECHNICAL FIELD 

The present invention relates to optimizing fuzzy logic 
controllers used in rotating induction machine Systems. 

BACKGROUND ART 

A rotating induction machine System transferS power 
between a Stationary member, the Stator, and a rotating 
member, the rotor, by electromagnetic induction. The Stator 
contains one or more Sequences of coils placed in parallel 
Slots along the Stator length. The rotor is designed to revolve 
within the Stator, typically carrying electromagnets driven 
by an excitation or flux control current. An induction 
machine may be operated as a motor by Supplying alternat 
ing current electrical power to the Stator. The Stator current 
produces rotating magnetic fields within the Stator, causing 
the rotor to revolve, and producing output power as torque 
at Some rotational velocity. An induction machine may also 
be operated as a generator by Suppling rotational power to 
the rotor, thereby inducing alternating electrical power in the 
Stator windings. 

In addition to the machine itself, additional components 
are typically required to drive and control the induction 
machine. An inverter or rectifier-inverter combination is 
used to provide cyclic current for motor Speed control. A 
Velocity controller compensates for Slip between the rotating 
magnetic field and the rotor. A vector current controller 
determines the magnitude and timing of current control 
pulses. 

FuZZy logic control has been introduced into induction 
machine Systems for estimating control parameters and for 
generating control Signals. A fuzzy logic controller assigns 
each input Sample to one or more Sets of a membership 
function. Inference rules are then used to generate output 
values based on the membership Sets of the input variables. 
The outputs are then "defuZZified” to generate control output 
Signals. Fuzzy decision parameters, Such as membership 
functions, must be optimized or tuned to achieve desired 
control characteristics. 
An example application of a fuZZy logic controller is in 

controlling an induction Starter/alternator for a hybrid elec 
tric vehicle. One Such controlled device is the starter/ 
alternator described in a paper by J. M. Miller et al. titled 
“Starter-Alternator for Hybrid Electric Vehicle: Comparison 
of Induction and Variable Reluctance Machines and Drives.” 
appearing in IEEE IAS Conference Proceedings, pp. 
513–523, 1998, which is incorporated by reference herein. 

The induction starter/alternator may be controlled by both 
a Velocity controller for maintaining constant rotational 
Velocity and by a fuzzy logic controller for optimizing 
power efficiency. Such control Systems are described in a 
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2 
paper by G.C.D. Sousa et al. titled “Fuzzy Logic Based 
On-Line Efficiency Optimization Control of an Indirect 
Vector Controlled Induction Motor Drive,” appearing in 
IEEE-IECON Conference Record, pp. 1168–1174, 1993, 
and in U.S. Pat. No. 5,652,485 titled “Fuzzy Logic Inte 
grated Electrical Control To Improve Variable Speed Wind 
Turbine Efficiency And Performance,” issued Jul. 29, 1997, 
to Spiegel et al., each of which is incorporated by reference 
herein. 

What is needed is improved optimization of fuzzy logic 
motor controller operating parameters. The optimization 
method should easily adapt to any changes made to the 
controlled system. Further, the optimization method should 
permit automatic tuning of fuzzy logic control parameters. 

DISCLOSURE OF INVENTION 

The present invention optimizes parameters of a fuzzy 
logic controller through simulation without having to 
develop complex and potentially inaccurate models of the 
controlled rotating induction machine System. 

In general, the fuzzy logic controller has at least one input 
and at least one output, each input accepting a machine 
System operating parameter and each output producing at 
least one machine System control parameter. The fuzzy logic 
controller generates each output based on at least one input 
and on fuzzy logic decision parameters. The goal is to 
optimize the fuzzy logic decision parameters. To begin 
optimization, a Set of data relating control parameters to 
operating parameters are obtained for each of one or more 
machine operating regions. A measurement-based model is 
constructed for each machine operating region based on the 
obtained data. The fuzzy logic controller is Simulated with at 
least one created model in a feedback loop from at least one 
fuzzy logic output to at least one fuzzy logic input. FuZZy 
logic decision parameters are optimized based on the Simu 
lation results. Simulating with a measurement-based model 
of the machine System is known as hardware-data-in-the 
simulation-loop (HDSL). The use of HDSL eliminates the 
need to develop mathematical models representing the 
machine System. Such mathematical models are often 
imprecise approximations of the actual System. Also, any 
changes in the machine System requires reformulating the 
model. 

Typically, fuzzy logic decision parameters include fuzzy 
membership function ranges. These values are adjusted to 
obtain a desired dynamic response for the machine System to 
a disturbance input or to a change in desired operating 
region. Simulating a change in desired operating region may 
be accomplished by Switching between models based on 
different machine operating regions during the Simulation. 
The fuzzy logic controller input is then monitored to deter 
mine if the response has the desired dynamic characteristics, 
Such as Settling time, overshoot, and the like. If the response 
does not meet dynamic requirements, membership ranges 
may be varied. 

Decision parameters may be changed manually. AS an 
alternative to manually changing fuzzy logic decision 
parameters and running the Simulation again, decision 
parameters can be automatically tuned using adaptive neuro 
fuzzy inference provided by an adaptive neuro-fuzzy infer 
ence system (ANFIS). 
A method is provided for optimizing a rotating induction 

machine System fuzzy logic controller. The fuzzy logic 
controller has at least one input and at least one output. Each 
input accepts a machine System operating parameter. Each 
output produces at least one machine System control param 
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eter. The fuzzy logic controller generates each output based 
on at least one input and on fuzzy logic decision parameters. 
Optimization begins by obtaining a set of data relating each 
control parameter to at least one operating parameter for 
each machine operating region. A model is constructed for 
each machine operating region based on the machine oper 
ating region data obtained. The fuzzy logic controller is 
Simulated with at least one created model in a feedback loop 
from a fuzzy logic output to a fuZZy logic input. Fuzzy logic 
decision parameters are optimized based on the Simulation. 

In embodiments of the present invention, operating 
parameters may include a measure of machine System output 
power and machine flux current. 

In another embodiment of the present invention, a plu 
rality of models are created. Simulating the fuzzy logic 
controller includes Switching between models to create a 
disturbance input to the fuzzy logic controller. 

In yet another embodiment of the present invention, fuzzy 
logic decision parameters include fuzzy membership func 
tions. 

In still other embodiments of the present invention, fuzzy 
logic decision parameters are optimized to achieve a desired 
dynamic response for the machine System or to optimize 
machine System power efficiency. 

In a further embodiment of the present invention, fuzzy 
logic decision parameters are optimized using adaptive 
neuro-fuZZy inference. 

In a still further embodiment of the present invention, 
constructing each model includes building a table for each 
machine operating region relating at least one machine 
System operating parameter to at least one machine System 
control parameter. 
A method for optimizing a fuzzy controller for a starter/ 

alternator System is also provided. The fuzzy logic controller 
has an input for System power and an output for flux current 
control. The fuzzy logic controller generates current control 
output based on power input and on fuzzy logic decision 
parameters. Optimizing the fuzzy logic controller includes 
obtaining a set of data relating the System power to the 
current control for at least one machine operating region. A 
model is constructed for each machine operating region 
based on the obtained data. The fuzzy logic controller is 
Simulated with at least one created model in a feedback loop 
from the current control output to the power input. Fuzzy 
logic decision parameters are optimized based on the Simu 
lation. 

The above objects and other objects, features, and advan 
tages of the present invention are readily apparent from the 
following detailed description of the best mode for carrying 
out the invention when taken in connection with the accom 
panying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a block diagram of a Starter/alternator System 
according to an embodiment of the present invention; 

FIG. 2 is a block diagram of a simulation for optimizing 
fuZZy decision parameters according to an embodiment of 
the present invention; 

FIGS. 3a–3c are diagrams showing fuZZy decision param 
eters according to an embodiment of the present invention; 

FIG. 4 is a graph illustrating optimum efficiency mapping 
of four constant power contours for an 8 kW, 12 pole 
Starter/alternator according to an embodiment of the present 
invention; 

FIGS. 5a and 5b are graphs illustrating fuzzy controller 
compensation to temperature for an 8 kW, 12 pole Starter/ 
alternator according to an embodiment of the present inven 
tion; and 
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4 
FIGS. 6a-6c are graphs illustrating operating parameters 

as a function of rotor speed for an 8 kW, 12 pole starter/ 
alternator according to an embodiment of the present inven 
tion. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Referring now to FIG. 1, a block diagram of a starter/ 
alternator System is shown. A starter/alternator System, 
shown generally by 20, includes inductive Starter/alternator 
22 coupled to programmable load 24. Programmable load 24 
may be run in constant Speed mode or constant torque mode 
based on load profile 26 produced by a computer under 
control of graphical user interface (GUI) 28. GUI 28 calcu 
lates load torque 30 and velocity 32, either of which may be 
used to control starter/alternator 22. If load 24 is speed 
controlled, starter/alternator 22 is torque controlled. Switch 
34 is set to pass load torque 30 as torque command, 0*, 36. 
If load 24 is torque controlled, starter/alternator 22 is speed 
controlled. Velocity controller 38 accepts load velocity 32 
and rotor Velocity, T, 40 and generates torque estimate 42. 
Rotor velocity 40 is generated by observer 44 based on rotor 
position, 2rotor, 46. Switch 34 is Set to pass torque estimate 
44 as torque command 36. Torque-to-Iq translation accepts 
torque command 36 and flux current, Id, 50 and generates 
torque current, Iq, 52. Vector current controller 54 produces 
inverter control signal, V, 56 using torque current 52, flux 
current 50, and the state of starterfalternator electrical con 
nections 58. IGBT inverter 60 converts bus power 62 to 
input electrical power on electrical connections 58 when 
Starter/alternator 22 is operating as a motor, and converts 
output electrical power on electrical connections 58 to bus 
power 62 when starter/alternator 22 is operating as a gen 
erator. This System has four quadrant control, permitting 
motor or generator operation in either rotational direction. 
DC bus 62 is the electrical power source when starter/ 
alternator 22 is motoring and is electrical power Sink when 
Starter/alternator 22 is generating. The torque command 36 
control loop of IGBT inverter 60 is designed to have a 
relatively fast time constant, permitting a rapid response to 
Small changes in load conditions. 

Fuzzy controller 64 generates flux current 50 to optimize 
the power efficiency of Starter/alternator 22 or a Subsystem 
including Starter/alternator 22. The control loop containing 
fuzzy controller 64 is designed to have a relatively long time 
constant, permitting slow responses to changes in operating 
conditions Such as new load operating regions or tempera 
ture. Fuzzy controller 64 generates flux current 50 based on 
power in signal 66. Switch 68 selects between motor elec 
trical power 70, if the efficiency of starter/alternator 22 is to 
be optimized, and bus electrical power 72, if the efficiency 
of starter/alternator 22 and inverter 60 is to be optimized. If 
Starter/alternator 22 is motoring, efficiency is optimized by 
minimizing power in 66 for a given rated output mechanical 
power. If Starter/alternator 22 is generating, efficiency is 
optimized by maximizing power in 66 for a given rated input 
mechanical power. 
The goal of fuzzy logic controller 64 is to optimize power 

efficiency in either or both of generator mode and motor 
mode. The efficiency of induction machine system 20 is a 
function of many variables, including machine construction; 
power components Such as converters, inverters, Switches, 
pulse width modulators, and the like; control algorithms; 
and operating conditions Such as load and temperature. A 
machine System operated at rated flux normally has the best 
transient response. During periods of light loads, frequently 
experienced in normal use, excessive core loSS results when 



US 6,711556 B1 
S 

rated flux current is applied. This greatly reduces the power 
efficiency of starter/alternator system 20. By properly con 
trolling flux current 50 with fuzzy logic controller 64, 
optimum efficiency can be achieved even under light load 
conditions. The dynamic response determining how the 
optimum efficiency is achieved can be set by tuning fuzzy 
logic controller 64. 

Tuning fuzzy controller 64 begins by obtaining data 
relating power 66 to flux current 55. This may be accom 
plished by removing fuzzy controller 64 from starter/ 
alternator System 20. For each desired System operating 
region, power 66 is measured for each of a set of com 
manded flux currents 50. The model for each operating 
region is a table relating flux current 50 to power 66. 
Interpolation is used to obtain power 66 for values of flux 
current 50 between table entries. This model has several 
benefits over traditional mathematical models. First, the 
model takes into account all components of System 20 
between the fuzzy controller output and input. This includes 
the inverter 60, Velocity controller 38, and current controller 
54 as well as Starter/alternator 22. Second, System complexi 
ties Such as nonlinearities, higher-order effects, and the like, 
are automatically included in the model. Third, any change 
in components or operating conditions may be quickly 
modeled using the same technique, without having to 
modify the analytical model or to estimate or experimentally 
determine new analytical model parameters. 
One or more models are then used as hardware-data-in 

the-Simulation-loop for tuning fuzzy logic decision param 
eters. A simulation is constructed with fuzzy controller 64 
“controlling” the model. The object of the simulation is to 
observe how fuzzy logic controller 64 achieves optimum 
power efficiency. In particular, an examination is made to see 
if the dynamic response of power 66 over time meets design 
criteria. If not, decision parameters for fuzzy controller 64 
are modified until the desired dynamic response is achieved. 
Decision parameters may be changed manually or automati 
cally. 
AS an alternative to manually changing fuzzy logic deci 

Sion parameters and running the Simulation again, decision 
parameters can be automatically tuned using adaptive neuro 
fuZZy inference provided by an adaptive neuro-fuZZy infer 
ence System (ANFIS). The process takes place in two steps. 
First, a generic fuzzy System is automatically generated from 
training data and from user Supplied inputs including the 
number of controller inputs, the number of membership 
functions, the desired shape of the membership functions, 
and the like. This may be accomplished, for example, by 
using the MATLAB(R) Fuzzy Logic Toolbox genfis1 
algorithm, which uses a grid partition Style. Next, the 
generic fuzzy System is able to learn or adapt to training data 
using ANFIS. ANFIS tunes the fuzzy system, altering mem 
bership functions for example, using a back propagation 
algorithm based on the input-output training data. Least 
Square error minimization between actual and desired out 
puts is accomplished. Following this procedure and incor 
porating HDSL data allows for automatic tuning that incor 
porates all System nonlinearities and controller behavior 
without the need for complex System modeling. 

Referring to FIG. 2, a block diagram of a simulation for 
optimizing fuZZy decision parameters is shown. Optimiza 
tion simulation 98 includes fuzzy controller 64 with fuzzy 
logic 100 generating the next change in flux current, )Id 
(next), 102 based on the last change in power, )Pd, 104 and 
the last change in flux current, )Id(last), 106. Summer 108 
and delay 110 convert the next change in flux current 102 
into the next flux current 50. Switch 114 selects which model 
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6 
116 will receive flux current 50. Selected model 116 outputs 
power 66, which is converted to change in power 120 by 
differencer 122 and delay 124. Saturation limiter 126 limits 
the range of change in power 120 to produce change in 
power 104. Delay element 128 produces last change in flux 
current 106 from next change in flux current 102. The path 
from next change in flux current 102 through model 116 to 
change in power 104 constitutes a feedback path from fuzzy 
controller output 50 to fuzzy controller input 66, shown 
generally by 130. 

Under normal operating conditions, once Steady State 
optimal efficiency is achieved, only slight corrections from 
fuzzy controller 64 are required. However, if a change in 
machine System operating parameters occurs, fuzzy control 
ler 64 will find a new optimal efficiency. A change in 
operating parameters may occur if a new machine operating 
region is commanded, Such as a change in load, or if a 
change in operating conditions occur, Such as a change in 
temperature. Such changes may be simulated by connecting 
a different model 116 to fuzzy controller 64 through switch 
114. 

Referring now to FIGS.3a through 3c, diagrams showing 
fuzzy decision parameters are shown. FIG. 3a illustrates the 
membership function for change in power, shown generally 
by 200. Change in power 104 is divided into seven fuzzy 
sets, negative big (NB) 202, negative medium (NM) 204, 
negative small (NS) 206, Zero (ZE) 208, positive small (PS) 
210, positive medium (PM) 212, and positive big (PB) 214. 
Change in power membership function 200 breaks change in 
power 104 into Seven ranges based on the Size and direction, 
or sign, of the last change in power 104. 

FIG. 3b illustrates the membership function for last 
change in current, shown generally by 220. Last change in 
current membership function 220 breaks last change in 
current 106 into two fuzzy sets, negative (N) 222 and 
positive (P) 224 Last change in current membership function 
220 basically determines the sign of last change in current 
106. 

FIG. 3c illustrates the membership function for next 
change in current, shown generally by 240. Next change in 
current membership function 240 divides next change in 
current 102 into seven fuzzy sets, negative big (NB) 242, 
negative medium (NM) 244, negative Small (NS) 246, Zero 
(ZE) 248, positive small (PS) 250, positive medium (PM) 
252, and positive big (PB) 254. Hence, the output of fuzzy 
controller 64 can be varied in size and in sign. 

In this application, optimizing fuzzy logic decision 
parameters involves modifying the range and Shape of fuZZy 
sets in membership functions 200, 220, 240. In particular, 
the Starting point, ending point, and peak point for each Set 
202-214, 222-224, 242-254 may be varied to achieve a 
desired dynamic response. While triangular Sets are shown, 
it will be recognized by one of ordinary skill in the art that 
any shaped fuzzy Set may be used, including trapezoidal, 
Gaussian, cosine Squared, and the like. 

Referring now to FIGS. 4-6, experimental results 
obtained by using a fuzzy logic controller optimized accord 
ing to an embodiment of the present invention are shown. 
The fuzzy logic controller controlled an 8 kW, 12 pole 
machine with windings parallel-connected in an alternator 
configuration. The Starter/alternator is described in a paper 
by J. M. Miller et al. titled “Starter-Alternator for Hybrid 
Electric Vehicle: Comparison of Induction and Variable 
Reluctance Machines and Drives,” appearing in IEEE IAS 
Conference Proceedings, pp. 513-523, 1998. Table 1 below 
lists the measured equivalent circuit motor parameters. 
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TABLE 1. 

Measured Motor Parameters 

Parameter Units 

Stator Resistance (Rs.) 31 mix 
Stator Inductance (Ls) O.14 mH 
Rotor Resistance (R) 15 mX. 
Rotor Inductance (LR) O.09 m 
Magnetizing Induct. (G 46 Arms) O.99 m. 

Referring now to FIG. 4, a graph illustrating optimum 
efficiency mapping of four constant power contours accord 
ing to an embodiment of the present invention is shown. 
Optimum efficiency as a function of rotor Speed is shown for 
constant power contours of 1 kW by plot 270, 2 kW by plot 
272, 4 kW by plot 274, 6 kW by plot 276, and 8 kW by plot 
278. The starter/alternator optimum efficiency is about 85% 
at 1400 rpm, but drops as low as 35% at speeds below 300 
rpm. 

Referring now to FIGS. 5a and 5b, graphs illustrating 
fuzzy controller compensation to temperature for an 
embodiment of the present invention are shown. The ability 
of the fuzzy controller to maintain maximum Starter/ 
alternator efficiency during changing conditions is illus 
trated in FIG. 5. Stator temperature plot 282 is shown rising 
as a function of time. Time is expressed in terms of the fuzzy 
controller optimization Steps. AS illustrated by efficiency 
plot 284, although the optimum efficiency points at higher 
temperatures are decreasing, the fuzzy controller continues 
to track. 

Referring now to FIGS. 6a-6c, graphs illustrating oper 
ating parameters as a function of rotor speed for an embodi 
ment of the present invention are shown. Comparisons 
between predicted and measured efficiency and Voltage were 
obtained for the fuzzy logic controlled induction motor. The 
results of optimization were obtained on a 4 kW constant 
power contour. 

For a given torque T, Speed n, and excitation frequency f, 
the voltage can be determined as shown in Equation (1): 

where p is the number of poles. It is possible to use these 
quantities to calculate remaining Voltages and currents in the 
induction motor equivalent circuit. 

The expression for induction motor efficiency is shown in 
Equation (2): 

T 
n = 2, ES 30 it 3 

i-Ti Po (2) + Pali) +3IR, 

where P is the no-load iron core loss, P. represents the 
friction and windage losses, and E is the nominal voltage at 
characterization Speed n rpm. For a given torque and Speed, 
the efficiency can be maximized with respect to excitation 
frequency, f. 

In FIGS. 6a-6c, measured parameters as a function of 
rpm are indicated by open circles connected by a line. 
Estimated parameters without core Saturation are indicated 
by open Squares and estimated parameters with core Satu 
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8 
ration are indicated by crosses. In FIG. 6a, measured effi 
ciency plot 290 is shown to track well with the estimated 
saturated efficiency. In FIG. 6b, measured excitation fre 
quency plot 292 follows the estimated excitation frequency. 
In FIG. 6c, measured line-to-line voltage plot 294 closely 
follows the expected Saturated Voltage values. 
While embodiments of the present invention have been 

illustrated and described, it is not intended that these 
embodiments illustrate and describe all possible forms of the 
invention. Rather, the words used in the Specification are 
words of description rather than limitation and that various 
changes may be made without departing from the Spirit and 
Scope of the invention. 
What is claimed is: 
1. A method for optimizing a rotating induction machine 

System fuzzy logic controller, the fuzzy logic controller 
having at least one input and at least one output, each input 
accepting a machine System operating parameter, each out 
put producing at least one machine System control 
parameter, the fuzzy logic controller operative to generate 
each output based on at least one input and on fuzzy logic 
decision parameters, the method comprising: 

obtaining a set of data relating the at least one control 
parameter to the at least one operating parameter for at 
least one machine operating region; 

constructing a model for each of the at least one machine 
operating region based on the obtained data for the 
machine operating region; 

Simulating the fuzzy logic controller with at least one 
created model in a feedback loop from at least one 
fuzzy logic output to at least one fuzzy logic input; and 

optimizing fuzzy logic decision parameters based on the 
Simulation. 

2. A method for optimizing a rotating induction machine 
fuzzy logic controller as in claim 1 wherein the at least one 
operating parameter comprises a measure of machine System 
output power. 

3. A method for optimizing a rotating induction machine 
fuzzy logic controller as in claim 1 wherein the at least one 
control parameter comprises flux current. 

4. A method for optimizing a rotating induction machine 
fuzzy logic controller as in claim 1 wherein the at least one 
model is a plurality of models, Simulating the fuzzy logic 
controller comprising Switching between models to create a 
disturbance input to the fuzzy logic controller. 

5. A method for optimizing a rotating induction machine 
fuzzy logic controller as in claim 1 wherein fuzzy logic 
decision parameters comprise fuzzy membership functions. 

6. A method for optimizing a rotating induction machine 
fuzzy logic controller as in claim 1 wherein fuzzy logic 
decision parameters are optimized to achieve a desired 
dynamic response for the machine System. 

7. A method for optimizing a rotating induction machine 
fuzzy logic controller as in claim 1 wherein fuzzy logic 
decision parameters are optimized to optimize machine 
System power efficiency. 

8. A method for optimizing a rotating induction machine 
fuzzy logic controller as in claim 1 wherein fuzzy logic 
decision parameters are optimized using adaptive neuro 
fuzzy inference. 

9. A method for optimizing a rotating induction machine 
fuzzy logic controller as in claim 1 wherein constructing 
each model comprises building a table for each machine 
operating region relating at least one machine System oper 
ating parameter to at least one machine System control 
parameter. 

10. A method for optimizing a fuzzy logic controller for 
a starter/alternator System, the fuzzy logic controller com 
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prising an input for System power and an output for flux 
current control, the fuzzy logic controller operative to gen 
erate current control output based on power input and on 
fuZZy logic decision parameters, the method comprising: 

obtaining a Set of data relating the System power to the 
current control for at least one machine operating 
region; 

constructing a model for each machine operating region 
based on the obtained data; 

Simulating the fuzzy logic controller with at least one 
created model in a feedback loop from the current 
control output to the power input; and 

optimizing fuzzy logic decision parameters based on the 
Simulation. 

11. A method for optimizing a fuzzy logic controller for 
a starter/alternator System as in claim 10 wherein the at least 
one model is a plurality of models, Simulating the fuzzy 
logic controller comprising Switching between models to 
create a disturbance input to the fuzzy logic controller. 
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12. A method for optimizing a fuzzy logic controller for 

a starter/alternator System as in claim 10 wherein fuzzy logic 
decision parameters comprise fuzzy membership functions. 

13. A method for optimizing a fuzzy logic controller for 
a starter/alternator System as in claim 10 wherein fuzzy logic 
decision parameters are optimized to achieve a desired 
dynamic response for the Starter/alternator System. 

14. A method for optimizing a fuzzy logic controller for 
a starter/alternator System as in claim 10 wherein fuzzy logic 
decision parameters are optimized to optimize Starter/ 
alternator System power efficiency. 

15. A method for optimizing a fuzzy logic controller for 
a starter/alternator System as in claim 10 wherein fuzzy logic 
decision parameters are optimized using adaptive neuro 
fuzzy inference. 

16. A method for optimizing a fuzzy logic controller for 
a starter/alternator System as in claim 10 wherein construct 
ing each model comprises building a table for each operating 
region relating flux current to System power. 
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